These results were obtained despite the fact that all four concentrations of PGE1 tested were found capable of inhibiting ADH-induced water flow under appropriate conditions or, in other words, were inhibiting the Received for publication 4 June 1974 and ins revised form 1 April 1975. adenylate cyclase controlling water flow. Thus the increase in cyclic AMP content in response to PGE, is not derived from this enzyme. Thus the stimulation of water flow by PGE1 in the presence of theophylline is thought to be caused by cyclic AMP spilling over from one compartment to the water flow compartment. No evidence was obtained to directly suggest spillover into the sodium transport compartment. Furthermore evidence is discussed to suggest that most of the cyclic AMP generated in the tissue does not originate from the enzyme controlling sodium transport. As cyclic AMP-stimulated water flow and sodium transport are thought to occur in one cell type, the granular cells, distinct pools of cyclic AMP are thought to be present in one and the same cell type. Thus one pool controls water flow and one controls sodium transport. With high concentrations of PGE1 in the presence of theophylline or high concentrations of ADH, the adenylate cyclase responsible for water flow is inhibited. However, PGEi can stimulate a tissue adenylate cyclase to sufficiently high levels that cyclic AMP spills over into the "water flow compartment" and thus stimulates water flow.
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INTRODUCTION
Two major functions of the toad urinary bladder, sodium transport and water reabsorption, are stimulated by antidiuretic hormone (ADH)1 (1) . Both are mediated by adenosine 3',5'-monophosphate (cyclic AMP) resulting from the stimulation of adenylate cyclase by 1 (2) (3) (4) (5) . Evidence for the existence of two distinct adenylate cyclases, one controlling sodium transport and one osmotic water flow has been presented previously (6) (7) (8) . For instance, the water flow effect of ADH can be dissociated from that of sodium transport. In the presence of a high concentration of calcium in the bathing medium, the ADH-induced water flow is inhibited, leaving the effect on sodium transport intact (6, 7) . As high calcium in the medium does not affect the response to exogenous cyclic AMP the effect of calcium must be to inhibit an adenylate cyclase responsible for water flow. Additional evidence has been gained from studies on prostaglandins. Prostaglandin E1 (PGE1) has been shown to stimulate sodium transport by stimulation of adenylate cyclase and to inhibit ADHinduced water flow by inhibition of adenylate cyclase (8) . These findings are compatible with the existence of two adenylate cyclases controlling sodium transport and water flow separately. Since sodium transport and water flow appear to be functions of the same cell type (granular cells of the mucosal epithelium), both adenylate cyclases would have to be present in this cell type. Thus compartmentalization of cyclic AMP within the cell must also be present in order that dissociation of the effects of ADH on sodium transport and water flow can exist in the presence of Ca"+ or for prostaglandins to stimulate sodium transport while inhibiting water flow.
We have examined the question of compartmentalization further by studying the effects of prostaglandins on water flow in the presence and absence of theophylline and in the presence and absence of ADH, while correlating the effects with cyclic AMP concentrations in the mucosal epithelial cells. We have also studied the interaction of prostaglandins and ADH on sodium transport.
METHODS
Experiments were performed on bladders of the toad Bufo marinus (obtained from National Reagents, Bridgeport, Conn.). The Ringer solution used had the following composition: NaCl, 113.5 mM; KCl, 3.5 mM; NaHCO8, 2.4 mM; CaCI2, 0.9 mM; pH = 8.0, osmolality = 220-225 mosmol/kg water.
Water flow. Osmotic water flow was measured in paired half bladders mounted on glass tubes according to the technique of Bentley (9) . Ringer solution diluted 1: 5 with distilled water was placed on the mucosal surface of the half bladder. Statistics. All were performed by Student's t test for paired tissues.
RESULTS
Effects of PGE1 on osmotic water flow Basal flow. Basal flow was measured in paired half bladders for 30 min. One of the paired half bladders received PGE1 (four concentrations were tested) while the other was used as a control. From the results shown in Table I it can be seen that PGE1, at a concentration of 10' M significantly inhibited basal water flow during the test period relative to the control half bladder. At 10-8, 10-6, and 10' M PGE1, basal water flow was not lowered significantly.
PGE1 and Toad Bladder. Evidence for Compartments of Cyclic AMP Effects of PGE1 on ADH-stimulated osmotic water flow When the effects of PGE1 were tested in the presence of 25 mU/ml ADH, a significant inhibition of the ADHinduced water flow was observed with 10', 10-7, and 10' M PGE1 (see Fig. 3 ). No significant inhibition was observed with 10-5 M.
In order to test whether 10-5 M PGE1 can inhibit ADH-induced water flow, this concentration was tested against three different concentrations of ADH. In these experiments (Fig. 4) 10-5 M PGE1 significantly inhibited the effect of 2.5 mU/ml ADH but had no effect when tested against 25 and 250 mU/ml ADH. That these high concentrations of ADH can be inhibited by PGE1 is shown in Fig. 5 
Effects of PGE1 on ADH-stimulated sodium transport
In preliminary experiments ADH at 5 mU/ml was tested for its ability to stimulate sodium transport relative to the effect of 25 mU/ml. The stimulation due to 5 mU/ml was 64% that of 25 mU/ml (n = 5), demonstrating that this concentration was submaximal. Two series of experiments were then performed. In the first series 4 mU/ml ADH was tested in the presence and absence of PGE1 at three concentrations 2.5 X 10`, 2.5 X 10', and 2.5 X 10-5 M. None of these concentrations of PGE1 had any effect upon the response to ADH.
In the second series 1 X 10-' and 1 X 10-s M PGE1 was tested against ADH and again no difference was detected in the response. The results are presented in Ta (14) when they used the bag technique of Bentley (9) . It is interesting that using a chamber method for the measurement of water flow 1.7 X 10"Y, 10-9, and 10-7 M PGE1 significantly inhibited theophylline-induced water flow while no effect was detected with 1.7 X 10-6 M. As with our experiments the increase in water flow seen with high concentrations of PGE1 contrasts with the inhibitory effect of 10-' M on the theophylline-in- cally ruled out by demonstration of an inhibitory effect of 10-M PGE1 against 25 mU/ml ADH (Fig. 3 ) and of 10-5 M PGE, against 2.5 mU/ml ADH (Fig. 4) . Thus we must seek an alternative explanation for the stimulation of osmotic water flow seen with 10' and 10' M PGEL in the presence of theophylline. The concentrations of PGE, which increase cyclic AMP levels in the cells are from 10-to 10-5 M. This concentration range corresponds with the dose-response characteristics of the stimulation of sodium transport by PGEi in toad bladder (8) Several points of interest arise from this work. There is indirect evidence from previous studies that two compartments of cyclic AMP exist within one cell type. For instance, sodium transport responsive to ADH (and therefore cyclic AMP) occurs in the granular cells, the cells which make up some 85% of the mucosal epithelial cell layer (17, 18) . This is because membranes of the granular cells make up more than 90% of the surface area of the apical side of the bladder (19) . Thus, micropuncture studies identifying the action of ADH to stimulate sodium transport as a change in resistance of the apical membranes of the mucosal epithelial cells must necessarily be recording effects in the granular cells (20) . Similarly there is evidence that ADH stimulates osmotic water flow only in the granular cells (21) (22) (23) . If, therefore, the ADH stimulation of osmotic water flow and sodium transport takes place in one cell type, then two compartments of cyclic AMP must also be within these cells. Certainly it seems unlikely that cyclic AMP generated in a minority cell type could pass to the granular cells in sufficient quantity to give the effects reported in this paper unless an efficient intercellular transfer via gap junctions is involved. Calculation of the cyclic AMP concentration in cell water from our results gives a value of around 5 X 10' M for a cyclic AMP content of 40 pmol/mg protein (assuming a cell protein content of 10% and a cell water content of 80% by weight). This concentration, if present in the Ringer's solution bathing the cells, fails to gain sufficient entry to stimulate either sodium transport or water flow; in fact concentrations in the millimolar range are required. Thus 
